Materials
All solvents used were of reagent grade quality or better and purchased from Biosolve, Sigma-Aldrich or Actu-All Chemicals. DCM was dried using molecular sieves (3 Å) prior use. Diethylenetriaminepentaacetic dianhydride (DTPA) was obtained from Sigma-
Aldrich
(Benzotriazol-1-yloxy)tripyrrolidinophosphonium hexafluorophosphate (PyBOP) was obtained from Bachem, 1-Azido-4,7,10-trioxa-13-tridecanamine (TOTA-N3) was obtained from Iris Biotech. The synthesis of DA, DA-AC and DA-N3 has been performed according to literature procedures. 1,2
General methods
The mechanical properties of the hydrogels were tested by oscillatory rheometry.
Dynamic viscoelastic measurements were performed on a stress-controlled Anton Paar and a Physicia MCR 501 Discovery HR-3, TA Instruments rheometers equipped with a 25-mm stainless steel sand-blasted plate-plate geometry to prevent slippage of the sample in a temperature-controlled environment. Measurements were performed by placing mineral oil around the sample to minimize evaporation at a fixed plate-to-plate gap of 500 µm. The temperature was fixed to 25 °C. After addition of the catalyst, gelation was monitored under small-amplitude oscillatory strain (1 %) and an angular frequency of 6.28 rad s -1 . To probe the elasticity of the gels, a steady pre-stress, σ was applied on which an oscillatory stress, δσ(t) = δσe iwt was superimposed with an amplitude of at most 10% of σ and an angular frequency of ω = 6.28 rad s -1 .
HDX-MS measurements were carried out using a Xevo G2 QTof mass spectrometer (Waters) with a capillary voltage of 2.7 kV and a cone voltage of 20 V. The source temperature was set at 100 °C, the desolvation temperature at 400 °C, and the gas flow at 500 L h -1 . The sample solutions subjected to HDX were introduced into the mass spectrometer using a Harvard syringe pump (11 Plus, Harvard Apparatus) at a flow rate of 50 μL min -1 .
1 H-NMR and 13 C-NMR spectra were recorded on a Varian Mercury Vx 400MHz (100MHz Cryo-Electron micrographs were acquired from BA aqueous solutions (18 mg mL -1 ) placed in a sonication bath for 1 h and subsequently allowed to re-assemble for 2 d in a UV-protected environment unless otherwise noted. Samples were diluted by a factor of 1000 with mili-Q water prior to imaging. Vitrified films were prepared in an automated vitrification robot (VitrobotTM Mark III, FEI) at 20 °C and at a relative humidity of 100%.
In the preparation chamber, 3 µL sample was applied on a Quantifoil grid (carbon support film on a copper grid, typeR 2/2, Electron Microscopy Sciences), which was glow discharged prior use (Cressington 208 carbon coater operation at 5 mA for 40 s).
Subsequently, the samples were blotted to remove the excess of solution and vitrified in liquid ethane. The vitrified films were transferred to a cryoholder (Gatan 626) and studied in a FEI Tecnai 20 (type Sphera) microscope operating at 200 kV, equipped with a LaB6 filament. The images were recorded using a 1k × 1k Gatan CCD camera. Gatan
DigitalMicrograph was used for image analysis. Contour length calculation was done by implementing the Curve Tracing plugin from Image J. Crosslinking was done by following a slightly modified standardized protocol, 3 in which CuSO4 and Tris(3-hydroxypropyltriazolylmethyl)amine (THPTA) were premixed in water in a 1 to 5 molar ratio and added to the reaction mixture ensuring a final concentration of 0.1 and 0.5 mM respectively. The reaction was started by adding an aqueous solution of sodium ascorbate to a final concentration of 10 mM.
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Fitting of SAXS profiles
Small angle X-Ray scattering was used to determine the cross-sectional radius of BA fibers in solution and the gel state. Density measurements of water and DA aqueous solutions were performed using an Anton Paar DMA 5000M.
First, the specific volume (υ) of BA rods at a concentration of 15 mg mL -1 was determined by measuring the density (ρ) of BA aqueous solutions over the concentration range indicated in Figure S4 . To fit the experimental data with a non-linear least squares procedure implemented in Igor Pro, we employed a model that calculates the form factor of a flexible cylinder with a uniform scattering length density (ρcyl) and cross-sectional radial polydispersity which is averaged over a Schultz distribution of cylinder radii. The non-negligible diameter of the cylinder is included by accounting for excluded volume interactions within the walk of a single cylinder. Inter-cylinder interactions are not included.
We then proceeded to fix the values of volume fraction (ϕ = 0.00868) and use the values of contour length (Lc = 157 nm) and Kuhn length (b = 2×lp = 560 nm) as derived from cryo-EM. The tabulated value of ρwater = 9.37 × 10 10 cm -2 was used. 
Critical stress and critical strain calculation
The calculation of the critical stress σc was performed by normalizing the differential modulus K' to its value in the linear regime G0. K'/G0 was then plotted against the applied pre-stress σ and the critical stress was graphically determined as the intersection between linear and nonlinear regimes ( Figure S9 ). 
